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Preface

The shortage of scientists and engineers is a problem that has been

discussed and debated for many years. As a graduate mechanical engin-

eer, studying to leave the engineering discipline and enter that of
management, the author is personally involved, albeit in a small way,

in prolonging thlis "shortage." But as a manager, the author may have
the responsibility of establishing manpower requirements for scientists
and engineers. It was, therefore, personally significant that the
author investigate this particular field. From this research effort the
author gained a deep appreciation for the importance, as well as the
difficulty, of fulfiiling this responsibility well. From this paper it
i8 hoped that the reader will receive a similar appreciation.

The success of tais study was directly dependent on the willingness
of more than fifty interviewees to discuss various aspects of this
subject with the author. The author appreciates the time and ideas of
these people. Whereas individual ackﬁowledgement cannot be made to each
of these interviewees, those that are specifically given credit in the
body of this report are listed in the didliography. Likewise, apprecia-
tion 1s exprsssed to the forty-six respondents who replied to the .
author's letter requesting information concerning their establishment of
requirements for scientists and engineers. These are specifically indi-
cated in Apyendix B.

In June 1969 Captain Gabriel R. Faimon of the Department of Systems
Management, Air Force Institute of Technology worked on the research
effort with the author and cantributed significantly to the formulatioa
of the research objective and approach. Thanks ‘10 also due to
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Lieutenant Colonel Robert K. MeIntire and Iieutenant Colonel
Frank A. Stickney, thesis advisors, both of the Department of Systems
Management, for their invaluable suggestions and criticisms in the pre-
paration of this thesis.

Althongh the author has done his best to insure the accuracy of
names, dates, and organizations of interviewees and letter respondents
a8 well as the accuracy of their quotetions and ideas, he alone is

responsible for any errors that appear in this paper.

Williem A, Brummer

111




GSM/sM/69-2

Contents

h‘e f&ce ® ® s 0 & ® e @& & 5 & s ° 2 e e s s e v & & s

Ab Btmct * & & ¢ 8 8 9 e+ s & e & s 8 6 & o o ¢ e+ & &

b
I.
II.
III.

0

7 4

I ntrOduct i on ¢ 8 o & e & ¢ 6 2 & B o & o+ s s s

Statement of the Problem .
Purpose . +« ¢« &« v o o & &
Scope ¢ ¢ 0 e 6 0 00 e
Importance . « « + ¢ o+ . .
Definitions and Assumptions
Research Methodology . .
Hypothesis . . .
Iiterature Review
letters . . . . .
Intexrviews . . .

3 e e ® @
e e o o e . o e .
e & & e ® ® s o o .
* e o e e e o & .
e o e & e o 8 o e .
a e & & = . s » .
® 8 e ® o o o * e o
® o e » & ® e s .
e e 6 o & e @

e o » & e o s e e @

Background of the Problem . . . . . . « ¢« & « « &

The Shortage of Scilentists and Engineers .
Definition of "Shortage" . . . . . .
Reasons for the Shortage . . . . . .
Solutions to the Shortage Problem , .

Utilization of Sclentists and Engineers .
Causes of Poor Utilization . . . . .
Solutions for Poor Utilization , . .

Determination of Manpower Requirements , .

. The Need for a Measure of Manpower
Requirements . . . . . « +. ¢ ¢ & & &
Examples of Measures of Manpower
Requiyements . . . . . . ¢« ¢+ ¢ « « &
Manpower Requirements in the Air Force

Hov Requirements are Determined Today . . . . . .

Characteristics of a Scientist-Engineer
Technical Expertise . . . . . . . .
Creativity . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o
Apalytic Ability . . . . . . . . .
Technical Cammunication , o & . o o
Mendlle of Pepspective L . . .
Other Churacteristics . . & . . . &

BScientist-Engineers vs. Support Personnel
Technician ., .. . ..

*« & 5 e & s

® ® 8 ® & 8 e v e @ » e » s

Adninistrative Assistant , ., ., ., ., .

Specific Determinants ., , . . . . .. . .

Past Experience . . . . . . « « 2 o &

Fhﬁbility.............

Econamics . . + o ¢« v o ¢ ¢ ¢ o v s

AmmintY¢....-......
iv

*« 2 e e * e & @

« & ® » s e o s e & & e @ o o

e @ o e o e o o

> L] L d L d . * L[] - L] -

Page
. . 11
o o vi
o . 1
. . 1
.. 2
.. 3
.. 5
. » 6
. T
. . 8
. 9
e o 9
- 10
o o 12
. e 12
. 14
. 15
. . 17
. 20
.« . 20
¢ o 23
. . 26
. . 26
’ . 28
.. 30
. e 33
. . 35
.. 35
.. 36
L. %
. G
L3
. 38
.. 38
. e 39
P 39
> . Lo
. L1
L I hl




GSM/sM/69-2

%
Red TAPE o o o o o o v o o o o o o o v 0 s 42
Pol‘j~tics L] L] L . L] L] - . [ ] - . L] . . L] hz
Prestige * L] L ] * L] . L] L] [ ] » . L] . . L) L] uz
Pre‘jwce - . . L] . . * L ] - . . . L] L d [ ] L] . l"3
Program Priority « « « o ¢ ¢ o o o + o s o o o o U3
IV. Analysis of Present Methods . « o « « ¢ v o o « o « » o o  Lb
Test of the Hypothesis « v « ¢ ¢ v v o o v o o « o o Ll
Characteristics of a Scientist-Engineer .. e e . b5
Development of @ Standard « « « « o ¢« ¢ o o o o o . . L8
A Practical Application of this Standsrd . . . . . . 51
Use of this Standard . . . . . . . . 56
Judgment of Overstatement of Requirements e e e e e e 58
V. Summary, Conclusions, and Recommendations . e e e e s 59
S‘mw L] a . L] L ] L] * L L] L] * - L ] L] - . * ® L [ ] . . L 59
vlj' ConCluBionB....-................ 62
: Recomendations « « « « « o o o « « « « o &« 63
;i‘ Bibuomw....-.o.olooooooooclooouuo 66
(‘- Publications and Other Camonly Available Documents . . . ob
S letters Addressed to the Author . « + ¢+ s ¢« & ¢ ¢ « » o T5

Imm“s by the A‘lthor L ] - . L] [ ] L] . L] [ ] L] [ ] [ ] ] E ] » L d » TT
Appendix A: Copy of Letter Requesting Information . . « . « « . 8o
Appendix B: List of Recipients of Letter (vith Date of Letter), 82

Appendix C: Statistical Summry of Mumber of Lotters Sent and
mm‘. mmm L] L] L ] L ] L ] ) ® * [ ] [ ] . L] E 2 * F ] [ ] [} 87

viu [ L) . [ ] L] [ ] L] . ¢ @ a8 & o [ 2 ] L] [ ] . ¢ & & & » & v L . L] L] - w




ca/a/5c-2

“ s

L ¥

Absiract

i A e i o i bt 2

' The establishment of operational manpover requirements for scientists
and engineers is an important function of management. The objective of -
this research was first to describe and then to analyze this function
for improvemert. To describe the present procedure, the literature was
revieved; informsation was requested fram 93 industrial firms, profess-
ional socleties, and governmental agercies; and more than fifty persons
vere interviewed by the author. Tt was found that there is no definite,
explicit method o/f deciding that a sclentist or engineer ie needed to
perform a particular task. Rather, this function of management is
greatly dependent on the individual manager's Jjudgment &nd intuition.

When this procedure was analyzed, it was found that there are swume
specific determinants vhich are used to establish these requirements
but, in general, managers are only vaguely avare of their sigrifica-ce.
TASK RELATED LETERMINANTS are those which are related directly to the
requirenents of the taszk and include technical expertise, creativity,
analytic ability, sbility to communicate technical ideas, and the
"ability to taink" normally thought to ba charecteristic of a coliegs
greduate. NON-TASK RELATED DETERCNANIS are independent of the task
and include flaxibility of the scientist-engineer, econmics, availa-
bility of persomnel, "red tape", politics, prestige, prejudice, and .
progrea priority.
%o improve this procedure of establishing requiremests for scien-

tists and engineers, it is proposed that managers should be taught to
carefully and objectively identify all the specifi: determinents involv-
od in a particular situstior. Then they should judge the legitimacy of

R
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each specific determinant on the 1sis of the organization'c overall

objectives and use only those determinants judged to be legitimate in

the establishment of menpower requiremente.

The recommendations empha-

size that top management must be sincerely interested in this type of

improviment and assure that all management levels are working consis-

tently toward this goal.

vil
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DETERMINATION OF MANPOWER REQUIREMENTS
FOR SCIENTISTS AND ENGINEERS

I. Intrcduction

Statement of the Problem

This thesis is concerned with the problem of determining ms

requirements for scientiiic and englaeering services. It isa ¢
tion and analysis of the methods presently used to establish the

requirements.

Scientific and engineering talent is a relatively scarce o«

especially in the Air Force as will be shown later. Tt is, ther :

important that the available talent 1s not wasted. It is the fA

ower

LCYLD=

)dity,

of a mapager to direct and control his resocurces to accampiish t -

mission. While all but the poorest managers may eventually get .

mission accamplished, the better managers will do it efficient);
&spect of this managerial task is to efficiently use manpower n
This is alded by an accurete and detailed analysis of the missi

breaking it into integral subtasks, and grouping similar subtas
man-gized units so that each employee has & job which requirea ..
his highest lesvel of ability. This factoring of subteasks is pa -

function of determining operetiocnal requirements for manpower
In practice, this determivation is not & rigid, formalised

of the

L i18.

IToce-

dure. Pather, each mansger's approach may be 25 dif.erent as } .

personality. For some skills, definite standards bhave been est
linking the volume and kind of vork to the number and skills o

for example gwitchboard opentorc'm' engine mechanics. But tXe
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C scientists and engineers does not lend itself to such precise definition
and delimitation. Consequently, management nhas & much more active and
responsible role in the establishment of requirements for scientific and

engineering services. . L

Purpose

The objJective of the research was to discover, describe, and
enalyze the methods and procedures used by managers to estsblish re-
quirements for scientific and engineering services.

This description, in Chapter III, reveals that there are a number
of "determinants" used by managers to establish these requirements. It
also points out that most managers are only vaguely aware of the exist-

ence,’ importance, and relevance of these determinants. In support of

I R G SRR B ] B e et e s e e s

. the research objective this paper reports the nature of these determin-

ants to convinece the reader that they are actually being used and to

R T, "

emphasize that management 1s not overtly cognizant of their use.

Since the demand for scientific and engineering services is same=-

R ia T SR

what higher than the supply, it was ccnjectured that the requirements

for such services may be overstated. That is, sclentlists and engineers

S R 2V

may be employed to perform tasks that could be acceamplished by cther
parsonnel or equipment. To determine if these requirements are over-

- stated, data were gathered to describe the methods and procedures that

P PN e 5 o

managers use to establish requirements for scientific and engineering
services.
But it was immediately realized that the determination of whether .

requirements are overstated is a matter of Judgment. To make this

detormination, same type of norm or standard should be used to establish
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the definition of a correct statement of requirements. To this end such
& standard vas sought, but none was found. Consequently & standexd is
proposed in Chaptex’ Iv.

Using this standard conclusions axe drawn and recomendations are
made for improving the present methods and procedures so that require-

ments for scientific end engineering services can be stated accurately-

Scope
The general problem of the shortage of sceintists and engineers is

discussed in Chapter II primarily to explain to the reader the origis,
importance and impact of this problem. One of several solutions to this
problem is to imprové the utilization of sclentists and engineers there-
by accomplishing two independent results. First, their productivity may
be increased and second, since they may be more satisfied with their
work, they should tend to remsin longer in the technical fleld. Improve-
ment of their utilization can be accamplished by employing less technically
qualified personnel to support them. Although this is not the only
method of improving utilization, it is the one of particular interest
tc this theslis, because from it is derived the responsibility of manage-
ment to allocate tasks to individuals such that their highest level of
ability is continually utilized. This is the function o: accurately
determining operational requirements for manpower skills.

| Since the work of scientists and engineers is of a creative nature,
the manager can not require a scilentist or englineer to produce on demend
as he can with a machinist. The establishment of requirements for
scientists and engineers is much more difficult than the establishment

of requirements for gkills that are more precisely definable. Thexefore,

s s - i o4 b WS
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management must pay particular attention to its methods ‘of establishing
requirements for sclentists and engineers. ‘l‘hisr thesis is primarily
concerned with this small, but significant a.séect of the genersl problem
of the shortage of scientists and ersginee_ra;

It vas originally intended to limi%t this investigation to five
specific scientific and engineering disciplines in the Air PForce Systems *
Command (Appendix A). As the research progressed, it became increasing-
1y clear that the distinction between specific dtsciplines -- mechanicsl
engineer vs. chemist for exmmple -- was irrelevant. It was much more
natural to consider only those characteristics of & "scientiét-engineei"
vhich were common to any other “scientist-engineer". The distinction is
between the scientiat-engineer and those personnel which support him
with skills such as technician, clerk, secretary, computer programmer,
and mansger. | ‘

The limitation to the Air Force Systems Cammand (Systems Command)

" was also samevhat irrelevant. In genefa.l, all scientists and engineers

in the United States have simllar characteristics. Since these charac-
teristics constituted the primexry focus of‘ attention, the results of
this research are applicable to establishing technical manpower require-
ments in many envirorments. The facilities available for detailed study
for the most pert did belong to the Sys:iems Commsnd. Therefore, the

results are biased samevhat toward this particular organization. Since

~ the Systems Command units at Wright-Patterson Alr lorce Base ure pri-

marily involved with research and development (R&D), the results are
also biased toward the scientist-engineer working in an R&D environment.
This analysis makes no distinction between the military and civilian

scientist-engineer.
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Although the study is most definitely concerned with scientists and
engineers, the reader may find the results applicable to other manpower

gkills.

Importance
The importance of studying this problem has been aptly expressed

by several authorities in this field:
Mr. Vincent E. Holland of Westinghouse Electric Corporation:

If our country is going to continue to be a world leader, if
our national economy is going to continue to expand, if our
canpanies are to continue to compete, then we educational
and business leaders have a continuous challenge to face up
to the constantly changing responsibilities that we have for
the proper training, placement and utilization of technical
people (Ref L2:T1).

General Bernard Schriever:

The problem of retaining qualified junior officers is
clearly the most important problem facing this Command (Air
l("orce Sy;tems Command) and the Air Force in the future

Ref 5:1).

Mr. Donald T. Jones of North American Aviationm:

The creative engineer longs for recognitlon and challenging
assignments, and he needs opportunities to improve and
sharp2n his own skills. When these conditions are met, his
sense of accamplishment, job performance and overall worth
to himselfi his company, and society in general are at their

peek (Ref L7:18).,
Bugene Raudsepp in his book, Managing Creative Scientists and Engineers:

Since this shortage of highly skilled technical talent by
~all indications is geing to be with us for decades to cowme,
the only way we can incurc unhampercd future growth and
productivity is to find more efficient and effective ways of
managing, utilizing, and motivating creative professionals
(Ref 91:viid).

This may sound like & big challenge, but consider the rewards:
Villiam J. Torpey of the Office of Civil and Defense Mobilization esti-
mated that & 5% improvement in the utilization of scientists and
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engineers would add to our effective professional forces as much as all
college graduates who complete their training in & single year (Ref 95:
106). In a recent survey of engineers in the Air Force Logistics
Comuand, Benton and Stanton found that "62 percent of the engineers
state that at least one quarter of their time is spent on duties which
do not require a technical or special knowledge of their profession"
(Ret 12:96). Conaidering the recent budget reductions by Congress and
resulting manpower reductions in the armed forces, it is even more
important today that those resources still available be used to the
utmost efficiency.

It has now been established that efficient utilization of scientists
and engineers in an important concern. It is not enough to admonish
managers to do a better Job of utilizing their personnel. This has
often been done (Ref 47:19) and the problem still persists. Obviously,
then, this is not the most effective mathod of improving utilization.
Managers need some specific guidance as to BOW to utilize their person-
nel more efficiently. One mc;nc method is to teach the manager to
analyze his tasks to be performed so that he cap accurately and objec-
tively determine exactly vhat skills are needed to accomplish those
tasks. Additionally, guidelines must be.established so that he can
Judge the hgitw of his determination on the basia of the oversll

| oblectives of the organisation. This can re~ult in an sccurets state-

ment of requirements for scientific and engineering services.

Definitions and Assunptions
The term “scientist-engineer” vill be used in this paper to refer

to the person who has & college degree (or an accepted equivalant) in
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same technical area and is currently working in a job that requires the
application or possession of this technical background. The sc.entist-
engineer who has become a manager constitutes a "grey area" in this
concept. For the purposes of this study, this person will be included
as a sclentist-engineer if he is assigned to a task because he is ex-
pected to use his scientific or engineering talent in the accomplishment
of that task.

The scientist-engineer often performs tasks that do not require his
speclalized skill and ability. It is assumed that these tasks can de
accanplished by either a technician or an adm!nistrative assistant. In
general, a technician is considered to be & person wvho can understand
and apply same of the technical aspects of the scientist-engineer's
work whereas the administrative ossistant handles some of his paperwork,
clerical, and adaministrative details. All support personnel are herein
considered to fall in one of these two categories for ease of discussion
rather than to rigidly define their work. That is, secretaries, clerks,
canputer programmers, laboretory machinists, etc. will aul be considered
support to the sciantist-engineer and the resder can decide for himself
if & particular skill would fit better under “"technician" or “adminis-

trative assistant”.

'Reseaxch Methodology

To accamplish the purposes of the rescarch(i.e., discover, describe,
and analyse the methods and procedures used by managers to establish
requirements for scientific and engineering services) three types of
data sources wvere used. PFirst, the literature availadle concerning this
subject wvas reviewed for genersl background purpcees. Second, letters
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vere mai.ed to industrial firms, professional societies, and govern-
mental agencies ssking for information describing their methods and
procedures. And third, interviews were conducted with managers, mostly
at Wright-Patterson Air Force Base, who have the responsibility to
estadlish requirements for scientific and engineering services to deter-
mine their methods snd procedures. A standard for judging the
overstatement of ﬁqu:remnts for scientists and engineers was also
sought in all of these dsta sources.

Hypothesis. In the sectiom entitled "Purpose" it was explained
that to judge tbe overstatmment of requirements for scientific and
ergineering services & standard should be used. The hypothesis is con-
cerned with dlacuvering such a standaxd and is stated:

There is a standard or guideline vhich aids managers in

establishing requirements for scientific and engineering

sexrvices.

As mentioned in the section entitled "Scope" the facilities availsble to
this stuly were primarily the RAD enviroment in selected units of the |
Systems M. In reality, this hypothesis is _toma only in this
enviroment, but from the reviev of the litersture and from the replies
to mn', 1t 1s this suthar's opinicn that for the purposes of this
pprmmmmocmmmu mvlnttmmot
ary envirommnt m -mmm and engineers are employed.

nm'e are no roml statistical tests of this hypothesis. Rather,

dats are pnuntd unﬁ nonclusions concerning its valldity are logically

'dﬂn.

Acoeptence of this mnc‘momumry of a standard.
It was felt that if & standaxd 414 axist, it would De revealed in one
of the above data sources.
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Liternture Review. ILiterature concerning the shortage of scien-

tists and engineers goes back to the post World War II years and covers
a wide variety of aspects and approaches to this problem. A reviewv of
the first section in the bibliography will show the reader the many
subjects, authors, and organizations that have been involved with this
problem. The next chapter, entitled "Background of the Problem", is
included to explain in detail some of these many facets so that the
reader can appreciate the importance and size of the problem of the
shortage of scientists and engineers. The chapter then presents one
possible solution to this problmn—-'better utilization of scientists and
engineers--to describe what other people have done with this solution
and to emphasize its importance. Finally, Chapter II describes the
attempts others have made to determine manpowver requirements. This
reviev of the literature is presented to show its wide range and to
indicate that few workable solutions have been developed.

Ietters. Once the efforts of the past had been reviewed, it wvas
felt important to be aware of the efforts present..ly applied. To learn
of thess, information was requested fram sixty-seven industrial firms,
four not-for-profit firms, sixteen professional societiee and associa-
tions and six faderal govermmental agencies (Appendix B). These fowr
groups of organizations vere chosen becsuse it was felt they would
adequately span management of scientists and engineers in B&D environ-
ments in the United States. mrtotu number of letters sent vas
limited by the time available and effort required to address and mail
them and to read and digest the npnn; It was expected that replies
would be received fram adout thirty to forty percent of the letters
miled. It wvas felt that this quantity would be sufficient to determine
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current practices in non-Air Force organizations and to reveal the use
of a standard to Jjudge the overstatement of requirements. The decision
as to vhich specific organizations letters were to be sent was based on
the desire to cover many different types of organizations. Industrial
firms were chosen primarily from a list of those companies that were
avarded govermment contracts in 1965 (a readily available 1ist) (Ref:
36). It was desiréd to cover as wide a variety of industries and sizes
of fimms as possible. Not-for-profit firms who do business with the

U. 8. Govermment were chosen on the basis of readily available addresses.
Professional societies were chosen to represent the various scientific
and engineering disciplines. And other govermmer.ta. agencies were
chosen to span those that substantially use scientists and engineers in
an R&D environment. Appendix A displays the basic content of the letter,
Appendix B lists those individual organitations that received a copy of
the letter and Appendix C is a statistical summary of the number of
letters sent and replies received. Most letters were mailed in June
1969, but same replies suggested other sources of information, so
similar letters vere sent to these later in the sunmer of 1969. The
individual respondents vho are specifically given credit for their ideas
and quotations in this paper are listed _1n the second section of the

bibliogreaphy. _
Intervievs. To determine the prectices used in the Alr Porée,

~specifically in the Alr Yorce Systeas Comand, interviews were held vith

more than fifty perscns. Same of these intervievs were not pertinant to
the subject of determining requirements for scientists and engineers,

but 4id provide background impressions and ideas to the author. It vas

desired to interviev mamsgers vho bad the responsidbility for estadlisking

10
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requirements for scientists and engineers. These were often rirst line
managers, but sometimes higher level managers vere very helpful. The
third section in the bibliography lists those twenty-seven intervievees
to wvhich credit is given for ideas or quotations in this paper. For
the most part, these interviewvees provided the most helpful and pertin-
ent information, but the other twenty-five or so did leave ideas and
impressions which were assimilated by the author and strengthened his
understanding of the present practices, procedures, and methods used
in the R&D enviromment of the Systems Command.

The interviev was open-ended and unstructured. The interviewee
was told the basic purpose of the r=search and the intent of the inter-
view and then asked to expound. Often the discussion would lead off on
a tangent. Although the author usually was able to redirect the course
of the ix.zterviev, .m interviews ended vith no data pertinent to the
establishment of requirements for scientists and engineers.

Most intervievs were conducted in person and lasted about cae hour.
Same interviews were conducted by telephone and vere &s short as five
minutes and as long &s an hour.

Results of the intervievs and letters are collocted and presented
in Chapter TIT, “How Requirements are Determined Today". |
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TI. Background of the Problem

This chapter presents the basis for the research described in
Chapter III. Here, the basic problem of the "shortage of scientists
and engineers" is explained from its origin for the reader to obtain an
appreciation for the importance and relevance of manpower determinants
to the Systems Command, the Air Force, and the United States. This
chapter serves the purposes of showing the reader the variety of authors
and literature concerning this subject, the wide range of approaches
that have been undertaken, and the fact that standardizing scientific
and engineering manpover determinants is such an elusive task, that most,
if not all, approaches circumvent this problem and address themselves to

moye manageable, but not necessarily more important, problems.

The Shortvage of Scientists and Engineers

The demandsa of World War II for nev and better products, processes,
and methods together with the govermment's willingness to spend money on
nev technology crested a high demand for acientistp and engineers. To
meet this demand, more and more college freshmen enrolled in scientific
and engineering ‘caurus.. Because of the four years required for train-
ing there was a shortage ixmediately following the war, but scon, there
vere many sclentists and engineers to f£ill the post var demand. The
skortage vus cver ard young Tec vere counseled against sciextific azd
CSSIONATIZG CATEETE. o8 TIDe L37 WRE ST &90Ugn TI IIeaTa 3 EIIrTage
again at the cutdresk of the Korean War. The educators realirzed their
mistake and have ever since advocated tle technical professions (Ref 12:
1). The ccrtimved limited war and peace time prosperity has kept the
demand for new technology at & high lavel.
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Shortly after the outbreak of hostilities in Korea, it was wic = .y
believed that the anticipated increase in defense spending would ¢ ..e
serious shortages of hwan resocurces. In late 1952 the Director o e
Office of Defense Mobilization realized that the manpower needs "h.v-
been met to date without great strain--except for persistent short .. s
of engineers, scientists, and other professional people...” (Ref € : 42).

To cop2 with this problem, several organizations were formed .
discover possible solutions to the problem. In 1953 tre Bational
Maapower Council was established to

evaluate manpower problems of major concern to the country

in this period of enduring emergency and to recammenc copstn.:-

tive policies for their solution (Ref 69:vii).

A similar organization, the President's Camnittee on Scientists & -
Engineers wvas established in 1957 to

coordinate and stimulate the nation's effortes to meet the

eroving needs for qualified scientific and engineering

mar~ower (Ref 101:99).

In 1951 the Standing Coammittee of the Federal Council for Science - i

Technology began actively studying the enviromment of federal 1lab - -

re

tories in an attempt to make them attractive and satisfying place
employment for scientists amd engineers and to improve the effic. . and
effective utilization of their staff (Ref 34:i). And the Enginee . 'g
Manpower Commission ves organized to develop progrems to pramote =
most effective utilizatior of enginesers in support of the matior .
health, safety, and interest (Ref 33:3).

The effarts of these organizations vere based on the belief = ot
there vas in fact a shortage of engineers and scientists. The s :ines
were full of ads for technical people (Ref 51:26); {ncrease

salaries for scientists and engineers rose sharply and dispropo.  .ately

i3
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C,: (Ref 27:1; 67:144). Even President Kennedy in 1962 expressed concern

that

one of the most critical problems facing this nation is the
inadequacy of supply of sclentific and technical manpower to
satisfy the expanding requirements for this country's re-
search and development efforts in the near future (Ref 75:1).

Definition of "Shortage". To examine the meaning of a "shortage"

-at this point would‘give the reader a critical and defindte concept of
the type of shortage concerned herein.

DeHaven of the Rand Corporation hasv approached this sublect by
discussing a variety of concepts of "shortage". Sometimes a “shortage"

is used to meen absolute scarcity. Thus, water is "short" in the middle

of the Sabaia Desert. In 1953 there were 84,000 dentists and 633,000

: engineers emloyed in the United States. If relative scarcity, then, is
the criterion of "shortage", dentists are "shorter" than engineers.

Sometimes the word "shortage" is used to indicate any reduction in

supply to which we have become accustomed. Thus, "rainfall is unusually

light this year, so water will be short". Sametimes a "shortage" is

ly limit the supply. Thus, consumer goods are "short" in Russia because

theﬁovermnent limits the'production of these items (Ref 27:3). Blank
and Stiegler suggest that a shortage sometimes occurs when the supply
i8 less than the amount declared by some established criterion (Ref
13:23).

The strict econamic concept of & "shortage" would be a higher

AT AT IR A s e ey

R S T RS WA R Y 2

demund than supply at the current market price (Ref 9; 13:23; 27:5;
6T:11). Blank and Steigler go one step further to suggest that "a
( shortage exists when the number of workers availsble (the supply)

1
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incresses less rapidly than the number demanded at the salary paid in
the recent past" {Ref 13:24).

It is readily realized that there is neither an absolute scarcity

or a relative scarcity of scientists and engineers in the United States.

DeHaven points out that there are no attempts to limit the numbers of
students entering science or engineering courses or other artificilal

limitations of the supply. Rather, science and engineering today is

actively pramoted by professionals, educators snd bHusinessmen (Ref 27:4).

There is no national criterion dictating the number of scleutists and
engineers although many individual fimé and offices have established
their own criteria.

But there has been a reduction in the supply to which we have
became accustomed. Benton and Stanton report that in 1950 our colleges
gradusted 50,000 engineers, in 1960, 38,000, and in 1962, only 36,500
(Ref 12:2). Nore recently, the number of arnual graduates has leveled
off to about 35,000 (Ref 163). Although there is evidence that the
number of yearly graduates will begin to increase, 40,000 job openings
are expected ennually through the 1970's (Ref 108) indicating that the
increase in supply will be less thsn the increase in demand.

Reasons for the Shortage. It may be recognized that indeed there

is a shortage of sclentists and engineers in the United States. A
cambination of many factors has contributed to this shortage. They
include 1) a low birth rate population of the pre-World War II years
now serving & high birth rate population (Ref 101:98); 2) expansion of
industry to meet the demands for additional goods and services; 3) an
increasingly larger amount of englneering time required for the devel-

opment of camplex industrial products and processes; U4) expected

15
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continued growth of expenditures for R&D (Ref 109:73); 5) revolutionary
sclentific discoveries; 6) the national defense effort; 7) the needs of |
other developing nations (Ref 59:96); and 8) the present war in South-
east Asia encouraging a larger number of scientists and 2ngineers to go
on to graduate school (Ref 162). DeHaven felt that & reason for the
shortage was that

.+ .the huge éovernment expenditwes for weapon systems devel-~

opment and production has already sopped up so many physical

sclentist and engineers and the continued program requires so

many more that a "shortage”" of those trained categories exists

(Ref 2T7:1).

It has been recognized that t . supply available to the Air Force
is even shorter than that availsble to the nation. In June 1967
General Ferguson, Cammander of the Air Force Systems Command, addressed
a letter to General McConneil, Air Force Chief of Staff, concerning a
"better balance and a more equitable distribution of the scarce S&DE
(Scientific and Development Engineering) officer talent we have in the
Alr Force today” (Ref 35). In reply, the Director of Manpower and
Organization, Headquarters U. S. Air Force (Arom) stated that "the
responsibility of AFOMD to keep the authorization of these 'limited
resom:ce' skills in proper balance involves recognition of the following
prime factors: |

&. The requirement for S&IE officers, as expressed by the major

commands, is steadily increasing.
b. The national resource for S&DE personnel‘that is avallable to
the USAF 18 decreasing" (Ref 100).

Drysdale of the Personnel Research Laboratory realized that a cause

of this problem is that "the total demand for high quality scientific

and technical perscnnel exceeds the supply and the cream of the supply

16
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goes where it finds the most desirable compensation” (Ref 30:2). A
significant portion of an individual's ccmpensati.on is his job satis-
faction. Although the term "job satisfaction" provokes a variety cf
ideas and concepts, one aspect pertinent to sclentists and engineers
is the fulfillment that comes from continually delving into challenging
vork assigmments. Similarly, the scientist-engineer is dissatlsfied
vhen he is forced to perform duties which he feels are degrading and
a waste of his time. A 1966 Department of Defense study concluded
that "Job satisfaction...is the most important single factor influ-
encing junior officers to remain in Service beyond thelir obligated
tours..." (Ref 50:1). Davis reports the results of a survey that
found that "with scientists in the Federal Govermnment the most serious
problen is an inadequate number of trained technicians" (Ref 26:290).
And Benton and Stanton in their research concluded that "the results
of these analyses indicate that there e_xists a less than optimal usage
of engineers in industry, the United States Air Force and the Air Force
Logistics Command. This is one of the contributing factors to the
apperant shortage of engineers" (Ref 12:xi). If the utilizatiom of
the sclentlists and engineers in the Air Force could be improved, not
only vould more efficiency be recovered fram the ones available, but
more would became availahble through a decrease in attrition.

Solutions to the Shortage Problem. Over the years, there have

been many suggestions to solve the problem of the shortage of scieniists
and engineers. In the 1950's vhen the problem wvas first recognized, the
immediately obvious solution was to increase the supply by greduvating
more people each year. This of course, was dependent on both tha rate
at vhich educational facilities could expand and upon the number of

17
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young people electing to prepare for the scientific and engineering pro-
fessions (Ref 110:105). This was still felt to be an important solution
in 1963. A manpower report to the President stated thet "the expected
large imbalances between personnel requirements and supply point to the
need for a strong national effort to ... attract more students into

engineering schools and to reduce the attrition rate in these schools"

' (Ref 110:107).

But back in 1956 the Kational Science Foundation felt that "the
major factor in the current shortage of sclentists and engineers, in our
opinion, is an increase in demand, rather than a shortage in supply”

(Ref T3:33). Whether it is an increase in demand or a shortage in
suyply, the net result continues to be that there are not enough scien-
tists and engineers to fill the demand at the present market price.

The point of DeHaven's article (Ref 27) was that the federal govern-
ment controls the salaries of the majority of the nation's scientists
and engineers either directly through federal employment or indirectly
through approval of the cost of a contract (vhich includes the salaries
of scientists and engineers). The government of course keeps this cost
a8 lov as possible. The other coampaunies that don't have govermment con-
trects can pay just a little bit more, taking the best scientists and
engineers from govermment work. The net result is that since many
scientists and engineers are paid less than they are vorth, it is
econcmical to use them to perform technician's and administrative support
tasks rather than hire slightly cheaper help to accomplish these ﬁmc-
tions. If, on the other hani, free competition were to prevail, the
salary paid to scientists and engineers would de much higher and manage-
ment vould de more concernsd adout how scisntists and engineers used

18
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- their high-priced talent. Additionally, meny more people would want to

L ¥ 4

enter the scientific and engineering careers. To alleviate this situa-

tion, DeHaven suggests that

If managers decide the best course for thelr organization is
to pay high prices for high caliber engineers and sclentists
and maintain a high ratio of techniclans to professionals,
this course should be perfectly open to them....The contract
should be such to free the market for scientists and engl-
neexs by restoring mansgerial perogatives to the entrepreneur L
(Ref 2T7:14,15).

Another suggestion concerns the salary and status symbols given
scientists and engineers. Walters suggests

...recognize the principle that scientific and technical con- Z
tributions are as important as those made by management ;
personnel.... Make the higher salaries available to top
technical personuel without requiring them to shift to manage-
ment occupations (Ref 116:393).

Orth has a similar suggestion, but he feels that there ought to be two .
categories of scientists and engineers--operating and administrative.
The operating engineer is the man who chooses to remain & technical
specialist. Give him the status he requires and the rewards he would be
happy to accept. The administrative engineer should be a resource person;
his major functicn should be helping rather than directing. His job is
to release the creative ability of the operating engineer (Ref 81:130).
In 1963 the Directorate of Civilian Perscnnel, Headquarters U. S.

Alr Porce published a study vhich suggested

To reduce or possibly negate the effects of the skills inegual-

¢ ity, one approach is to plan remedial action within the

: freamevork of administretive and mansgement areas of the Alr

Force. These activities vould have as their goal increased

productivity through differential selection, placement, pro-

motion and rotention of scientists and engincers. The

3 ‘ differentiation vould be bascd upon predictione of productivity

‘ vhich in turn are developed through the identification of

4 - charecteristics vhich define quaAlity performance among scien-
tists and engineers (Ref 96:1).
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( " . Finally, a comnon suggestion to solve the shortage of scientists

and engineers is to improve the efficiency of their utilization. This §

involves the concept that the actual mmbers of scientists and engi- .
neers is not the real concern, rather it is the shortage of competent ‘
scientific and engineering services (Ref 51:24). Improved utilization i
is merely another way of expressing the idea of receiving more scienti-
fic and eng:lneerihg services from the same number of scientist and
engineers.

‘Utilization of Scientists and Engineers

It has been recognized that an improvement in the utilization of
scientists and engineers is an important and plausible way to increase
not orly their numbers but their productivity as well. The National

Manpower Council concluded a 1953 conference by agreeing that

Tmproving the utilization of engineers is often more diffi-
cult than it seems. It is not a matter of techniques or
simple rules, but of dealing with people who have their own
aims, who insist on making their own mistakes and who do not
alvays vant to meke the fullest use of their abilities in
directions desired by management. When put into effect,
moreover, sted nts generally reveal unexpected
resistances (Ref 69:93).

Even though it is admittedly & difficult problem to solve, its im-
portance provides impetus to at least attempt & svlution. To get a
better understanding of possidle solutions, it vould first de instruc-
tive t0o examine some of the more common ceuses of poor utilization.

Causes of Poor Utilization. Placing the skills 57 a scientist-

engineer in the Job of the manager {s an cbvious misuse of technical

expertise if the managerial job has little iachnicel content. It mov be
argued that the manager must bave the technical dackground to do his Jjodb.
This point 1s debatable in many instances and serves only to circumvent

s~
—
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the fact that the technical skills are not being properly used.

Another important difficulty is teachbing the scientists and engi-~ ‘
neers to use the technicians and administrative assistants available to
them. The scientist-engineer can not and should not try to do the
vhole job himself. His primary responsibility is to plan the work and
to vwork the plan (Ref 59:97; U4:125). But many wish they could get
support. Often teéhnicians and administrative assistants are in short
supply (Ref 26:270; 166). Additionally, especially in the Air Force,

there is a considersble time lag between the request for and the receipt | ;
of additional manpower (Ref 12:42; 1lk).

Since the scientist-engineer usually possesses the skills of the
support personnel, to & limited degree at least, he is capable of get-
ting the job done although it may take considerably longer (Ref 21:90).
This problem becames more pronounced when top management decides that
dollars could be saved by decreasing overhead and eliminating support
Jobs (i.e. technicians, secretaries, clerks, administrative assistants,
etc). The first line supervisors find that the work still has to be

done and the only ones left to do it are the scientists and engineers

(Rer £s7:161).

Top management in the Air Force controls the number of these
support jobs through its coatrol of manpower mmbers and skills. Ailr
Force managers must cope vith this constraint as well as an independent
budgetary constraint, vhereas mary managers in pr;vate industry psy for
their manpowver from their budget as they do for their rav materials and
equipment. The effect of several independent constreints ¢n the mans-
ger has been descrided by Nicolai of the Office of the Director of
o Defense Research and Engineering. In a theoretical analysis using

?‘i 21
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indifference curves and maximizing principles of econamic analysis, he

demonstrated how the controls by top management over manpower cpaces &s

well as the budget prevent the line manager from optimizing his organ-

[US7 RV

izational effectiveness (Ref 79:1).

To many authors, the greatest cause. of poor utilization of scien-

LT SRR

tists and engineers is the manager himself (Ref 8; 12:64,90; 1k4:191;
15:5; 42:69; 69:85). Consider this statement:

We still have to convince some managers that they should
scrutinize their engineering departments and maximize the
utilization of their engineers by assigning as much work
as practical to technicians (Ref 42:69).

Or this one:

In most campanies engi=eering work is not being evaluated
by maoagement in order to determine what parts of it can or
should be done by people of lesser or different training
(Ret 8:22).

Again:

The supervisors most likely do not know precisely what any
one subordinate does task by task (Ref 12:91).

And in an article admonishing scientist-menagers, Barrows stated that
the scientific managers ’

+..utilize tachnical people in functions for which they are
not treined, ranging from "parts chasing"” to top management.
This situation alone bleeds off an immeasuradble amount of
talent 80 vitally esssntial. Another problem was the ten-
dency on the part of most RAD organizations to meet the
frequent prodlem of overspent (usually referred to a&s
"underfunded”) budgets by cutting back on support personnel
vhile maintaining large numbers of scientists and sngineers
to preserve & "basic capability for research". This adds to
tl‘:c prc))bh- of the nooutilization of technical propls (Ref
14:191) .

An excuse for this attituds is offered Ly Blood vho states that
.. JmpAgement has deen preoccupied with the many other areas
that are important to a corporation's going operutions.

Technical activities bave assumed a gcsition of msjor impor-
tance in the total management picture only relatively
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recex)ztly, and this has resulted in a degree of neglect (Ref
i 15:5).

Solutions for Poor Utilization. Same of the causes of poor util-

t ization immediately suggest obvious possible solutions. During the

» literature reviev it was found that many authors had ideas concerning

. improved utilization, but the literature describing applications of
these ideas was sparse. This may be due to the fact that each indivi-
dual circumstance has its own peculiarities which limit the use of the
particular solution on a wide scale, dbut it is the author's impression
from revieving the literature that management has not been vitally
concerned with effecting a soluction and, therefore, the problems persist.

One of the often mentioned solutions in the literature is that
management should became geruinely interested in improving utilization
(Ref 15:105; 21:88; 40:191; 47:19; 115:18; 116:219). For example,
Wagner addressed a Manpower Utilization Conference in Buffalo, New York
in 1961 by saying:

To the industrial people in this audience I say that one of

the greatest contributicns you can make to eificient use of

manpover is to identify and trein managers....If we have

good managers, our manpover vill be used efficieptly....The

square pegs will be put in the square holes...by a good

manager (Ref 11lh:4).

Management has several direct responsidilities vith respect to
efficient manpover utilisation. One of these is to motivate the employ-
ees to perform well {Rer 40:191; 85:7; 91). It has been found that 12
an individual {s given nore and more responsidbility, he is willing and
able to accept it and is often more satisfied with his Job because of

1t (Ret 69:37, T8, 85). Xeeping scientists and engineers satisfied

P T T e

also requires an effective camtunication aystem vheredy the manager is
fully avare of his subordinate's prodblems, concerns, hopes and decires
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C (Ref 61:34). Often scientists and engineers leave their jobs for

management jobs to achieve more status, pay, ete. This not only puts a '

[ T

dmi:n on the technical skills, but sometimes produces relatively incom-
petent managers who can perpetuate tha utilization problem (Ref 1b4:191;

: 69:97; 80:127; 95:106).

Some managers have found that the "scientific management" approach
is advantageous fdr improved utilization. A ccmputerized skill inven-
tory of all scientists and engineers in the firm affords instantaneous
access to a desired skill (Ref 18; Lk4:127, 92; 115:16, 18; 116:89).

With an accurate knowledge of employees' skills, abilities end inter-

: ests, Che manager can expect bis employee to take an active interest in

! his job, contridute more and get more satisfaction from his efforts
(Ref 47:19). Operations research methods Lave also became important.

{ A Navy mentenl.nt Camander has developed a plannirg model for optimum
utilization of manpower resources (Ref 23). This falls in line with a
recent Depsriment of Defeuse Directive that requires a ajrstemtic econo-
ndic analysie when meking res surce allocation decisione concerning men,
movey, and materisl (Ref 20). But the "scientific" solution thus
obtained is not the priuary sdvantage. Rather, the mnnager is forced
t0 explicitly define the constraints and criteria operating on the
problam. Often this calls into quest